Recently in the field of vitaminology and nutrition research, the activity of pyruvate kinase in the plasma has attracted attention as a comprehensive marker for vitamin E deficiency in various species (1, 2) . Pyruvate kinase activity has usually been determined using the NADH-lactic dehydrogenase coupling method, but this method is time consuming and not very sensitive. Other assay methods , for example, radioisotope methods (3, 4), are sensitive, but are limited in their applica bility in nutritional, pharmacological, or clinical investigations . The determination of pyruvate kinase activity with bioluminescence detection has been reported by Strehler (5), but the practical application of this method has not been described . The reasons for this are that ATP and ATP-synthesizing enzymes such as adenylate kinase , natively present in the samples, interfere in the assay, and that a stable, low noise luciferin-luciferase preparation has not been available . In this report we describe a bioluminescence assay method for pyruvate kinase in rat plasma. 
RESULTS
The standard curve for PK activity in PEP solution (Fig. l) shows a high degree of correlation between PK concentration and light emission. No activating effect of fructose-l, 6-diphosphate was observed. In both standard PK solutions and diluted plasma samples, the ATP production increased linearly during the 30-min in Each line shows the data for 4 rats selected judiciously from 6 rats. cubation period (Fig. 2, A and B) . The recovery of PK activity when standard PK solutions were added to diluted plasma samples was between 90% and 110%a in most cases (Fig. 3) . Background emission counts due to preexisting ATP or adenylate kinase in plasma were not detected in the diluted plasma samples from normal rats or from rats fed for 7 or 10 weeks on the vitamin E-deficient diet. In plasma samples from rats fed the vitamin E-deficient diet for 14 weeks, some background emission counts were detected, but these accounted for less than 1% of the total counts (data not shown). The coefficients of variation in three determinations of PK activity were below 10% except for one sample from a rat fed the vitamin E-deficient diet for 14 weeks (Table 1) .
PK activities in the plasma of normal and vitamin E-deficient rats PK activity in the plasma of normal rats (16 weeks old) was about 0.5 U/ml plasma. PK activity in the plasma increased with the length of time on the vitamin E-deficient diet (Fig. 4) . After 14 weeks on this diet, the mean plasma PK activity was about 8 to 10 times higher than in the normal rats. Slight activation of PK in the plasma by fructose-l, 6-diphosphate was observed. compared to other commercially available preparations . ATP production in the PK reaction increased linearly during 30-min incubation in all samples and standard PK solutions tested (Fig. 2, A and B) . The signal-to-noise ratio also increased with increasing incubation time. Therefore , we recommend a 30-min incubation period. The recovery of activity when standard PK was added to diluted plasma samples was excellent (Fig. 3) and the coefficient of variation (Table 1) was less than 10% . These results suggest that this method is suitable for the determination of PK activity in rat plasma. In contrast to the NADH-lactic dehydrogenase coupling method, the sensitivity of this method is so high that the volume of plasma required for assay can be reduced to a minimum . Furthermore, the time required to assay each sample is shorter by this method making it preferable when a large number of samples is to be assayed. PK activity in the plasma of vitamin E-deficient rats as determined by this method was slightly lower than in previous reports (1 , 10) . This diff erence may result either from the method itself or from the definition of the unit used. Only slight activation of PK by fructose-l , 6-diphosphate was observed. This is consistent with the results of Chen et al . (11) , who showed by paper elec trophoresis that it is mainly the M-type isozyme of PK that leaks from skeletal muscle in vitamin E-deficient rats , and the M-type isozyme is not activated by fructose-l, 6-diphosphate .
We believe that this assay method will be applicable to the measurement of PK activity in species other than rats , especially in clinical samples. However, we recommend the use of an adenylate kinase inhibitor , since adenylate kinase present in samples may interfere.
